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FEED COMPOSITIONS FOR PREVENTING
AND TREATING INFLAMMATORY
DISEASES

This application 1s the U.S. National Phase under 35
U.S.C. § 371 of International Application No. PCT/EP2016/
066351, filed Jul. 8, 2016, designating the U.S., and pub-
lished 1n English as WO 2017/009257 A2 on Jan. 19, 2017,

which claims priority to EFuropean Patent Application No.
15176285.3, filed Jul. 10, 2015, the entire contents of which

are 1ncorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates generally to compositions and
methods for combating inflammatory diseases and particu-
larly to the use of food and/or feed compositions for pre-
venting, reducing and/or treating inflammatory disorders,
diseases, or discomforts.

Description of Related Art

Inflammatory diseases (or also inflammation-related dis-
orders) 1n human are for example diseases such as Alzheim-
er’s, ankylosing spondylitis, arthritis (osteoarthritis, rheu-
matoid arthritis (RA), psonatic arthritis), asthma,
atherosclerosis, Crohn’s disease, colitis, dermatitis, diver-
ticulitis, fibromyalgia, hepatitis, irritable bowel syndrome
(IBS), systemic lupus erythematous (SLE), nephritism, Par-
kinson’s disease, ulcerative colitis, auto-immune disease,
asthma, atopy, cardio-vascular disease, diabetes, immune
senescence, 1schemia/reperfusion injury of the heart or of
kidneys, feline infectious peritonitis, mastitis, psoriasis, sep-
s1s, systemic lupus erymathosis, tumour metastasis, and
visceral or cutaneous Leishmaniasis. Also it can be used to
prevent or cure pro-inflammatory events such as occur
during the use of cytostatics for cancer treatment, or other
discomfort during the use of drugs that causes visceral
damage.

Most of these diseases are wide-spread.

For example Arthritis 1s the most common cause of
disability 1n the USA. More than 20 million individuals with
arthritis have severe limitations 1n function on a daily basis.
It can affect humans as well as animals. In the context of the
present invention we use the term “patients” to describe the
targeted individuals. These patients are susceptible to or
suflering from inflammatory disease.

Rheumatism or rheumatic disorder 1s a non-specific term
for medical problems aflecting the joints and/or connective
tissue. The term “rheumatism” 1s still used 1n colloquial
speech and historical contexts, but 1s no longer frequently
used in medical or technical literature; there 1s no longer any
recognized disorder simply called “rheumatism.” The tradi-
tional term covers such a range of diflerent problems that to
ascribe symptoms to “rheumatism”™ 1s not to say very much.
“Non-articular rheumatism,” also known as “regional pain
syndrome™ or “soft tissue rheumatism,” can cause signifi-
cant discomifort and difficulty. Furthermore, arthritis and
rheumatism between them cover at least 200 different con-
ditions Rheumatism and arthritis are general terms for acute
and chronic conditions characterized by inflammation and
pain. Rheumatism 1s a general category of conditions char-
acterized by inflammation and pain 1n muscles and joints,
including arthritis. Arthritis 1s characterized by inflammation
of joints that causes swelling and pain. Types of arthritis
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include osteoarthritis, rheumatoid arthritis, ankylosing spon-
dylitis (AS), and systemic lupus erythematosus (SLE).
Rheumatic conditions include infectious arthritis, rheuma-
toid arthritis, arthritis due to rheumatic fever, arthritis due to
trauma or degenerative joint disease, myositis, neurogenic
arthropathy, bursitis, fibromyositis and hydroarthrosis. The
cause ol such diseases 1n not always fully understood but
may be the result of other degenerative diseases, trauma, or
auto-immune diseases such as SLE. Inflammation also
occurs as a defensive response to host invasion by foreign
agents and mechanical trauma that results in an 1mmune
response, €.g., microbial agents such as bacterial and
viruses, toxins, alarm molecules, and neoplasia.

What these diseases and conditions, examples of inflam-
matory diseases, share in common 1s imflammation and the
resulting pain. Prior methods for preventing and treating
inflammatory diseases have generally focused on pain-
killing and anti-inflammatory drugs. Typical methods have
focused on oral medications such as steroidal cortisone
derivatives and numerous non-steroidal anti-inflammatory
drugs (NSAIDs). Unfortunately, these drugs almost always
exhibit undesirable side eflects. Other eflorts have focused
on joint implants such as the knee or hip implants. These
methods are lengthy and complicated surgical procedures
that force the patient to undergo costly invasive surgery and
a significant recovery period requiring a rigorous and costly
regimen ol physical therapy. There 1s, therefore, a need for
new methods for preventing and treating inflammatory dis-
cases that avoids the undesirable side effects and costly
surgical procedures characteristic of previous methods for
preventing and treating inflammatory diseases.

Another example 1n which the invention 1s applicable 1s 1n
managing or preventing disease caused by unhealthy diets or
the use of drugs. For example mucositis 1s an inflammation
in the small intestine caused by chemotherapy such as the
commonly applied doxorubicin. This drugs 1s causing
mucosal damage and release of intracellular molecules such
as DNA, RNA and heat shock proteins (also called alarm
molecules or danger associated molecular patterns) that
cause a severe inflammatory response with mucositis as a
consequence. This can be prevented or reduced by this
invention. This 1s considered to be, but not limited to, an
example of inflammatory responses as a consequence of
unhealthy diets, use of pharmaceuticals or the use of drugs.

In anmimals gastrointestinal disturbances that nvolve
inflammatory responses are widespread. In farm animals
(p1gs, poultry and ruminants) this phenomenon causes large
economic losses. For example within the pig population
total losses of all piglets born 1n the European Union amount
to approximately 17% and a substantial proportion of these
losses can be associated with infections via mucosal surfaces
(Lalles et al., 2007, Proc Nutr Soc. 66(2):260-268). A
transient anorexia in newly weaned pigs 1s considered a
major cause of these problems that leads to gut dysiunction,
increased sensitivity to enteric infections and diarrhea. Con-
comitant patho-physiological changes include 20-30%
reduction in mucosal weight associated with villous atrophy
(Lanes et al., 2004, Animal Research 53, 301-316), a com-
promised intestinal barrier function (Wijtten et al., 2011, Br
3 Nutr. 103(7):967-981), disturbances in the homeostasis of
the gut microbiota (Bauer et al.,, 2006, Nutr Res Rev.
19(1):63-78) and in the anatomical and functional develop-
ment of the immune system (Lanes et al., 2007, Proc Nutr
Soc. 66(2):260-268). Also 1n poultry, enteric diseases sig-
nificantly contribute to economic losses because of impaired
amimal performance, imncreased mortality, and reduced wel-

fare of birds (Timbermont et al., 2011, Avian Pathol. 40(4):
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341-347). Nonspecific enteritis, coccidiosis, viral infections,
dysbacteriosis and bacterial infections have been 1dentified
as major intestinal diseases that cause wet litter 1n poultry
(Hermans et al., 2006, Vet Rec. 158(18):615-622). Although
there are some species related differences, the underlying >
patho-physiological changes are quite similar to those in
pigs. For instance, small intestinal development 1n newly
hatched broilers deteriorates at low feed intake levels (Wit-
ten et al., 2012, Acta Agriculturac Scandinavica Section

A-Ammal Science, 62(1), 1-12).

In the past, in-feed antibiotic growth-promoting agents
were used prophylactically to prevent these kind of prob-
lems. Nowadays, the prophylactic use of several antibiotics
in farm animals 1s banned 1n the Furopean Union or under
increased pressure by the public opinion 1n other countries
such as the United States due to concerns about antibiotic
residues in food and increased antibiotic resistance 1 patho-
gens. Hence, also for animals there 1s a need for new
methods for preventing and treating gastrointestinal distur-
bances that involve mflammatory responses. Surprisingly, it
was found that a specific kind of pectin (1in regard to its
degree of esterification) 1s useful in preventing, reducing
and/or treating inflammatory disorders, diseases, or discom-
forts.

By “preventing, reducing and/or treating intflammatory
disorders, diseases, or discomfort” 1t 1s mainly meant:

minimizing the risk of contracting any of the above listed
diseases, and/or

ameliorating the related symptoms, and/or

lessening pain or discomiort associated with any of the
above listed diseases and/or

lengthen the time between episodes where any of the
above listed diseases can occur and/or

improving human and ammal overall health and welfare

Pectin 1s a structural heteropolysaccharide contained in
the primary cell walls of terrestrial plants. It 1s produced
commercially as a white to light brown powder, mainly
extracted from citrus fruits, and 1s used 1n food as a gelling
agent, particularly in jams and jellies. It 1s also used 1n
fillings, medicines, sweets, as a stabilizer 1n fruit juices and
milk drinks, and as a source of dietary fiber. Pears, apples,
guavas, quince, plums, gooseberries, oranges, and other
citrus fruits contain large amounts of pectin, while soft fruits
like cherries, grapes, and strawberries contain small amounts
of pectin. But also other plant sources than fruits can
comprise pectin. For example, pectin can be sourced from
potato, soy, sugar beet, chicory, carrot, tomato, pea, parsnip,
and (green) beans. All these lists are not exhaustive at all.
Only the main sources are listed.

The following illustration shows parts of the structure of
pectin as well as (partially) esterified pectin.

COOH COOH

RoNagoNag

COOH COOH

Structure of pectin (polygalacturonic acid)
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-contlnued
COOCH; COOH

Structure of (partially) methylated pectin

In the above shown formula the esterification 1s a meth-
ylation, but also other groups can be used (such as acetyl).
Pectin can be esterified with one group (such as CH; or
COCH,) or with more than one group 1n the same oligomer
structure. Acetylation usually occurs at the oxygen in the
hydroxyl group on position 2 and/or 3, while methylation
usually occurs at the carboxyl group on position 3.

SUMMARY OF THE

INVENTION

In the scope of the present invention the degree of
esterification 1s used to describe the percentage of esterified

pectin monomer units in the backbone. Pectin 1s a complex
polysaccharide composed of a a.-1,4-linked D-galacturonic
acid (GalA) backbone (the so-called homogalacturonan or
smooth region) and segments consisting of alternating
sequences of a-(1,2)-linked L-rhamnosyl and o.-1,4-linked
D-galacturonosyl residues ramified with side chains of ara-
binans, arabinogalactans and galactans (branched rham-
nogalacturonans or hairy regions). Pectins are decorated
with neutral sugars (NS), mainly being galactose and arab-
inose attached to the rhamnose moiety in the backbone.

Commercial pectins usually contain low amounts of neu-
tral sugar as a result of the acid extraction (the neutral sugar
content 1s around 5%). Other structural elements of pectins
are xylogalacturonan and rhamnogalacturonan II. Rham-
nogalacturonan II 1s carrying peculiar sugar residues such as
Ap1 (D-apiose), AceA (3-C-carboxy-5-deoxy-L-xylose),
Dha (2-keto-3-deoxy-D-lyxo-heptulosaric acid) and Kdo
(2-keto-3-deoxy-D-manno-octulosonic acid). The relative
proportions of these different structural elements may vary
significantly for different plant origins and the various
derived commercial products.

The various structural elements of pectin can be esterified.
The major types of esterification are: O-methyl, O-acetyl
and O-feruloyl. Not excluding any other types of esterifi-
cation. Most of the esterifications reside 1n the homogalac-
turonan region on the GalA residues. The GalA residues can
be thus present with free carboxyl groups or esterified at one
or more of the carboxyl groups. Esterification can occur as
mono-esterification, but also as double esterification of
single GalA residues. Not excluding any other numbers of
esterification. The esterification on a single residue can be
through a single type of alkyl group (1.e. methyl) or a single
type of acyl group (1.e. acetyl). Not excluding any mixed
type esterification. Thus, GalA can be methylated (leading to
0 or 1 methyl groups per GalA residue) or can be acetylated
(leading to O, 1 or 2 acetyl groups respectively on the oxygen
of the hydroxyl group on the C-2 and/or C-3). The latter
occurs as such in sugar beet and potato pectins.

The degree of estenfication (DE) 1s by definition the
amount of esters (in moles) present per 100 moles of total
galacturonic acids (Iree GalA and substituted GalA summed
together). As most commercial pectins are essentially having,
esterifications of the methyl-ester type, the DE i1s often
expressed as the degree of methylation (1.e. DM). In that
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case, the degree of esterification 1s by definition the amount
of methyl-esters (1n moles) present per 100 moles of total
galacturonic acids (Iree GalA and substituted GalA summed
together). In the case that the esterification 1s of the acetyl
type, the DE 1s often expressed as the degree of acetylation
(1.e. DA). In that case, the degree of esterification 1s by
definition the amount of acetyl-esters (in moles) present per
100 moles of total galacturonic acids (free GalA and sub-
stituted GalA summed together). In the case of multiple
types ol esterification 1n a single pectin sample, the DE 1s
often expressed splitted in to a degree of methylation (1.e.
DM) and a degree of acetylation (i.e. DA). These are
calculated as described above. Alternatively, the DE can be
expressed as the degree of esterification, defined the by
amount of galacturonic acid residues modified with one or
more esterifications—either being of the methyl or the acetyl
type-(in moles) present per 100 moles of total galacturonic
acids (ifree GalA and substituted GalA summed together).

In the context of this invention the term degree of esteri-
fication (DE) 1s used, and the percentages described are
always based on the amount of GalA residues which are
substituted through esterification (1.e. methylation). A DE of
50 means that 50% of all possible GalA residues are esteri-
fied (1.e. methylated).

The following patent application is related to the use of
esterified pectins, more specifically 1t 1s related to the use of
esterified pectins with a specific degree of esterification.

The following distinction 1s made among the esterified
pectins:

(1) Low-esterified pectins

(11) High-esterified pectins.

Low-esterified pectins have a degree of esterification
(DE) of less than 50%. This means that less than 50% of the
possible positions are esterified.

High-esterified pectins have a DE of more than 50%. This
means that more than 50% of the possible positions are
esterified.

DEs values for commercial HM-pectins typically range
from 60 to 75% and those for LM-pectins range from 20 to
40% (Snnamornsak, 2003, Silpakorn University International
Journal 3 (1-2), 206-228).

As mentioned above pectins are present in almost all
higher plants. Several by-products of the food industries are
used for their extraction, such as citrus peels (by-product of
citrus juice production), apple pommace (by-product of
apple juice manufacture), sugar beet (by-product of the
beet-sugar industry) and in a minor extend potatoes fibres,
sunflower heads (by-product of o1l production) and onions
(May, 1990, Carbohydr. Polymers, 12: 79-99). A typical
process to extract HM pectins from the pomace or peels 1s
in hot diluted mineral acid at pH1-3 at 50-90° C. during 3-12
hours (Rolin, 2002, In: Pectins and their Manipulation;
Seymour G. B., Knox J. P., Blackwell Publishing Ltd,
222-239). Dry citrus peels contain 20 to 30% of pectin on a

dry matter basis, lower amounts are present in dried apple
pomace (10 to 15%) (Christensen, 1986, Pectins. Food

Hydrocolloids, 3, 205-230). By adding alcohol (usually
1sopropanol but methanol or ethanol are also used) the
pectins are precipitated. Finally, the gelatinous mass 1s
pressed, washed, dried and ground (May, 1990, Carbohydr.
Polymers, 12: 79-99). Depending on the process conditions,
pectins with a DM from 35 to 80% are obtained (Rolin,
2002, In: Pectins and their Manipulation; Seymour G. B.,
Knox J. P., Blackwell Publishing Ltd, 222-239).
Low-methylated (LLM) pectins can be obtained by de-
esterification of high-methylated (HM) pectins mainly by
controlling the acidity, the temperature and the time during

5

10

15

20

25

30

35

40

45

50

55

60

65

6

extraction. To produce other types of pectins, esters can be
hydrolysed by the action of acid or alkali either before or
during an extraction, as concentrated liquid or in the alco-
holic slurry before separation and drying. When alkal1 1s
used, the reaction has to be performed at a low temperature
and 1n aqueous solutions to avoid P-eliminative degradation
of the polymers (Kravichenko et al, 1992, Carbohydrate
Polymers, 19, 115-124). LM pectins can also be extracted
with aqueous chelating agents such as hexametaphosphate
(e.g. potato pectins) (Voragen et al., 1993, In: Food poly-
saccharides and their applications; Stephen A. M., New
York: Marcel Dekker Inc, 287-339). The use of the enzyme
pectin methyl-esterase (PME) for the production of LM
pectins can be an alternative for the chemical extraction
(Christensen, 1986, Pectins. Food Hydrocolloids, 3, 203-
230). The conditions and time of the different reactions are
varied leading to pectins with a different DE, even as low as
a DE of zero. Although, commercial LM pectins are almost
exclusively derived from HM pectins, there are natural

sources of LM pectin, such as mature sunflower heads
(Thakur et al, 1997, Critical Reviews 1n Food Science and

Nutrition, 37(1):47-73).

The DE can be determined by commonly known methods.

For example, the degree of esterification can be deter-
mined using several methods such as titration (Food Chemai-
cal Codex, 1981), IR spectrometry (Gnanasambandam &
Proctor, 2000, Food Chemistry, 68, 327-332; Haas & Jager,
1986, Journal of Food Science, 51(4), 1087-1088; Reintjes
et al, 1962, Journal of food sciences, 27, 441-445) and NMR
spectrometry (Grasdalen et al, 1988, Carbohydrat
Research, 184, 183-191). Other methods using HPLC
(Chatjigakis et al., 1998, Carbohydrate Polymers, 37, 393-
408; Levigne et al., 2002, Food Hydrocolloids, 16(6), 547-
550; Voragen et al, 1986, Food Hydrocolloids, 1(1), 65-70)
and GC-headspace (Huisman et al, 2004, Food Hydrocol-
loids, 18(4), 665-668; Walter et al, 1983, Journal of Food
Science, 48(3), 1006-1007) analysing the methanol content
after saponification of the pectins have been developed. A
capillary electrophoresis (CE) method has been developed to
determine the DM of the polymers as such (Jiang et al, 2005,
Food Chemistry, 91, 551-555; Jiang et al, 2001, of Agricul-
tural and Food Chemaistry, 49, 5584-53588; Zhong et al, 1998,
Carbohydrate Research, 308, 1-8; Zhong et al, 1997, Car-
bohydrate Polymers, 32(1), 27-32). An advantage of the CE
method 1s that the GalA content of the samples 1s not
required to calculate the DM whereas the GalA values have
to be known prior to the DM calculation following GC
headspace and HPLC methods.

Surprisingly it was found that the use of pectins with a DE
of less than 65% was able to prevent, reduce and/or treat
inflammatory disorders, diseases, or discomiorts.

The pectins according to the present invention are prei-
erably not amidated (no amide groups are present in the
pectin).

Furthermore 1t 1s surprising that this effect 1s achieved
with a lower concentration of pectins when compared to the
use of pectins known from the prior art. This leads to
advantages 1n formulation, as lower concentrations of the
current pectins are easier to formulate into food and/or feed
products.

Therefore the present mvention relates to an esterified
pectin or a mixture of esterified pectins for the use in the
treatment of immune-mediated diseases and intflammatory
diseases 1n humans and animals (1.e. patients), wherein the
pectins have a degree of esterification of less than 65%.

The degree of esterification 1n the context of the present
invention 1s preferably determined by the HPLC method as




US 10,639,323 B2

7

described by A. G. J. Voragen, H. A. Schols and W. Pilnik,
in the publication titled “Determination of the degree of
methylation and acetylation of pectins by h.p.1.c,”, published

in Food Hydrocolloids, volume 1, 1ssue 1, pages 65-70,
1986.

Furthermore the present invention relates to a method (M)
of preventing, reducing and/or treating intlammatory disor-
ders, diseases, or discomiorts (lessening inflammatory dis-
cases) by administering to patients esterified pectins (or a
mixture ol esterified pectins), wherein the pectins have a
degree of esterification of less than 65%.

As 1llustrated by the examples pectins with a higher
degree of esterification (more than the pectin of the current
invention; 1.€. a DE of 75) are far less eflective, and only at
higher pectin dosages.

In the context of the present the pectins can be obtained
from any known sources. A list of suitable sources 1s given
above. By using one of the processes as described above, the
pectins with the correct DE are obtained.

Preferably the DE of the pectin (as a single compound or
when used 1 a mixture) 1s less than 60%, more preferably
less than 33%, especially preferred less than 50%.

Therelfore the present invention also relates to an esteri-
fied pectin or a mixture of esterified pectins for the use 1n the
treatment of immune-mediated diseases and inflammatory
diseases, wherein the pectin has a DE of less than 60%.

Therefore the present invention also relates to an esteri-
fied pectin or a mixture of esterified pectins for the use 1n the
treatment of immune-mediated diseases and inflammatory
diseases, which 1s esterified pectin or a mixture of esterified
pectins, wherein the esterified pectin or a mixture of esteri-
fied pectins has a DE of less than 55%.

Therefore the present invention also relates to an esteri-
fied pectin or a mixture of esterified pectins for the use 1n the
treatment of 1mmune-mediated diseases and inflammatory
diseases, which 1s esterified pectin or a mixture of esterified
pectins, wherein the esterified pectin or a mixture of esteri-
fied pectins has a DE of less than 50%.

Therefore the present invention also relates to a method
(M, ), which 1s method (M), wherein the pectin has a DE of
less than 60%.

Therefore the present invention also relates to a method
(M,"), which 1s method (M), wherein the pectin has a DE of
less than 55%.

Therefore the present invention also relates to a method
(M, "), which 1s method (M), wherein the pectin has a DE of
less than 50%.

Usually the pectin has a DE of at least 1%, preferably of
at least 2, more preferably of at least 3%. Therefore there 1s
a range ol 1-65%, 2-65%, 3-65%, 1-60%, 2-60%, 3-60%,
1-55%, 2-55% and 3-55%.

DETAILED DESCRIPTION

Commercial pectins can be a mixture of several popula-
tions: the distribution of the substituents can differ in an
intramolecular level (within one single pectin polymeric
chain) or in an mtermolecular level (within one single pectin
sample). This holds for all substituents, thus the sugars as
well as the esterifications, and therefore both categories are
meant with the word ‘substituents’ 1n the following. The
substituents can be distributed completely at random. This
random distribution can follow an even distribution pattern,
when the substituents are regularly distributed over a single
pectin polymeric chain, leading to a more homogenous
pectin polymeric chain. If all pectin polymeric chains in a
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single pectin sample are of the same homogenous type, also
the sample can be called homogeneous.

However, a single homogenous pectin polymeric chain
can be present 1n a composition with other homogenous
pectin polymeric chains but having a different intramolecu-
lar (but still homogeneous) distribution of the substituents.
In this case, the pectin sample should be considered hetero-
geneous.

Furthermore 1t 1s also possible to modily the esterified
pectin according to the present invention. One of the pos-
sible modifications 1s amidation. Amidated pectin 1s a modi-
fied form of pectin. In that case some of the galacturonic acid
1s converted with ammonia to carboxylic acid amide. This 1s
done according to well-known processes. The presence of an
amide group 1s typically at the C-6 position of the amidated
GalA residues. If pectin 1s amidated, the DE 1s often
expressed as the degree of amidation (1.e. DAM). In that
case, the degree of esterification 1s by definition the amount
of amides (1n moles) present per 100 moles of total galac-
turonic acids (free GalA and substituted GalA summed
together).

Other possible modifications of pectins are ethyl or pro-
pyl.
Preferably the esterification type of the pectin 1s either
methylation and/or acetylation, more preferably methyl-
ation.

Therefore the present mnvention also relates to an esteri-
fied pectin or a mixture of esterified pectins as described
above for the use in the treatment of immune-mediated
diseases and inflammatory diseases, wherein the esterifica-
tion type of the pectin 1s either methylation and/or acety-
lation.

Therefore the present mnvention also relates to an esteri-
fied pectin or a mixture of esterified pectins as described
above for the use in the treatment of immune-mediated
diseases and inflammatory diseases, wherein the esterifica-
tion type of the pectin 1s methylation.

Therefore the present mvention also relates to a method
(M), which 1s method (M), wherein the esterification type
of the pectin 1s either methylation and/or acetylation.

Therefore the present imnvention also relates to a method
(M,"), which 1s method (M), wherein the esterification type
of the pectin 1s methylation.

Methods to characterize the different components (1.e.
GalA content, neutral sugar content, degree of methyl-
esterification, degree of actetylation, degree of amidation,
distribution of the non-methyl-esternified GalA, molecular
weight) of natural, modified as well as commercial pectins
are well described in the PhD thesis of Stéphanie Guillotin
(Studies on the intra- and intermolecular distributions of
substituents in commercial pectins. Wageningen University,
The Netherlands, 2005. ISBN 90-8504-265-8).

As described above the specific pectins are used to
combating inflammatory disease of humans or animals.

The term “patient” means a human or other amimal likely
to develop or sullering from inflammatory disease, including
avian, bovine, canine, equine, galline, feline, hircine, lapine,
murine, musteline, ovine, piscine, porcine and vulpine ani-
mals. Preferably, the patient 1s a human, bovine, canine,
teline, galline, ovine, porcine or avian.

The specific pectins according to the present invention are
used—as disclosed above- to prevent, reduce and/or treat
inflammatory disorders, diseases, or discomiorts. This result
1s obtained by the fact that the specific pectins according to
our invention are surprisingly able to bind TLR2, which 1s
involved 1n many diseases, 1n regulation of the intestinal
barrier function and 1n regulation of 1mmune responses.
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Toll-like receptors (TLRs) are a class of proteins that play
a key role 1in the mnate immune system. They are single,
membrane-spanning, non-catalytic  receptors usually
expressed 1n sentinel cells such as macrophages and den-
dritic cells, that recognize structurally conserved molecules
derived from microbes. Once these microbes have breached
physical barriers such as the skin or intestinal tract mucosa,
they are recognized by TLRs, which activate immune cell

responses. The TLRs include TLR1, TLR2, TLR3, TLRA4,
TLRS5, TLR6, TLR7, TLR8, TLRY9, TLR10, TLR11, TLR12,
and TLR13.

Surprisingly, 1t was found that only pectins with a low
degree of esterification (1.e. low DE) are able to bind TLR2

in suflicient manner. Specifically, pectins with a low degree
bind TLR2 1n

of methylation (1.e. low DM) are able to

sutticient manner.

The interaction of the specific pectins according to our

invention with TLRs was tested with cell based assays. In

the context of the present invention HEK-Blue™ Detection
(from InvivoGen) was used. The HEK-Blue™ system con-
s1sts of various specific cell lines and cell culture medium

developed to provide a fast and convenient method to

monitor molecular interactions through so-called SEAP
expression (see example 1 for details). This cell assay 1s
commercially available. The results of these tests are dis-

closed 1n all details 1n the following examples. It was shown

that low esterified (especially methylated) pectins show a

surprising positive eflect!

The amount of pectin, which 1s used can vary, depending

on the patient. It must be an amount which shows a sutlicient

cllect.

The pectin, which 1s ingested by the patient can be 1n any
form. It 1s possible to use the pectin as such or 1n a mixture
with other ingredients. When used 1n a mixture, the amount
in this mixture 1s then depending on the other ingredients as
well as the form of the mixture.

The ingredients which are used are usually chosen with
regard to the use of the mixture. The ingredient can serve to
improve the properties of the mixture or when the mixture
1s used to be formulated 1nto a final composition to improve
the final composition.

The ingredients can serve one or more purposes. It 1s clear
that such ingredients must be food or feed grade (depending,
on 1ts use).

The pectin can also be part of a food or feed product,
whereas the food or feed product can be 1n any commonly
known and used form.

The amount of pectin, which 1s used can vary (depending
on the patient and/or inflammatory disease targeted). It
depends on the body weight. Usually an amount between
0.01 and 5 g pectin with a DE of less than 65% per Kg body
weight and per day 1s desired.

The amount pectin in a specific food or feed product
usually varies dependent on the food or feed product. It 1s
also dependent on how much a consumer/animals eat of this
tood or feed product. The amount 1n a food or feed product
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should be 1n such an amount that by a usual consumption of
that food or feed product the necessary dosage of pectin 1s

consumed.
The following examples serve to illustrate the invention.

EXAMPLES

Example 1 Pectin Inhibition of TLR2-Mediated
NFkB Activation

Cell Lines and Cultivation

Cell lines were cultured in DMEM culture media (Lonza,
Basel, Switzerland) with 10% decomplemented Fetal Calf
serum, 50 U/ml Penicillin (S1igma, St. Louis, Mo., USA), 350
ug/ml Streptomycin (Sigma, St. Louis, Mo., USA) and 100
ug/ml Normocin (InvivoGen, Toulouse, France).
HEK-Blue™ TLR2-CD14 cells (InvivoGen, Toulouse,
France) expressing human TLR2 and SEAP (Soluble
Embryonic Alkaline Phosphatase) were used. NFkB and

AP

1 are stimulated to move to the nucleus 1n these cell lines

when TLR2 1s activated by an agonist. Here, the SEAP gene
1s under the control of a NFkB/AP-1 responsive promoter.
Upon expression, the SEAP gene product 1s secreted in

media and can be quantified using the Quantiblue (Invivo-
Gen, Toulouse, France) solution. The enzyme converts the
pink color 1nto blue depending on the activity, and this can
be measured with a spectrophotometer.

1 xHEK -Blue™ Selection (InvivoGen, Toulouse, France)

was added to the cultivation medium to control only the
growth of the HEK-Blue™ TLR2-CD14 cells.
Pectin Sources

All pectins are 1solated from citrus. Pectin with a DE of
0 was obtained from MP Biomedicals, LLC. The pectins
with a DE of 7, 22, 45, 60 and 75 were obtained from CP
Kelko.

Pectin Inhibition TLR2-1

HEK-Blue™ TLR2-CD14 cells were activated with the
TLR2-1 specific agonist Pam3CSK4. Pectins of different DE
values (0, 7, 22, 45, 60 and 75) were added at 0.5, 1 and 2
mg/ml. As a control HEK-Blue™ TLR2-CD14 cells were

incubated with only pectin.
HEK-Blue™ TLR2-CD14 cells were seeded at 500,000

cell/ml 1n a 96 well plate with 100 ul volume per well. Cells

were allowed to grow overnight. The following day, cells

were treated with different pectins at different concentrations

Tect on TLLR2. After one hour of incubation

to study the e

with pectin, Pam3CSK4 was added at a concentration of 100
ng/ml. After 24 hrs of incubation at 37° C. with pectin and
Pam3CSK4, the expression of the SEAP gene was deter-

mined. Supernatant of incubated cells was mixed with
QUANTI-Blue solution 1n a ratio of 1:10. Presence of SEAP

makes QUANTI-Blue turn blue. The NFkB activation was
quantified by measuring the color intensity at 650 nm using

an ELISA plate reader Versa Max (Molecular devices,

Sunnyvale, Calif., USA). The assay was performed 1 96

well plates with 8 technical repeats. Each experiment was
repeated three times.
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NFkB activation through TILR2-1 by Pam3CSK4 with and without pectin
Control
(no
0.5 mg/ml 1 mg/ml 2 mg/ml Pam3CSK4)
Pectin NFkB % NFkB % NFkB % NFkB
type activation inhibition activation inhibition activation inhibition  activation
— 1.89 0 1.89 0 1.89 0 1.4a.
ODE 1.22 35.51 1.27 32.59 1.23 35.13 0.01
7DE 0.99 47.64 0.77 59.15 0.81 57.05 0.15
22DE 1 62 14.00 1 20 36.67 0.57 69.64 0.04
45DE 1.75 7.33 1.32 30.12 0.64 66.22 0.03
60DE 1.95 0 1.56 17.36 0.88 53.22 0.05
75DE 1.96 0 1.88 0.52 0.85 54.93 0.13

Surprisingly, pectins are inhibiting TLR2, as determined
by the color change of Quanti-blue at 650 nm through the
level of SEAP activity after NFkB activation of the SEAP
gene expression. The inhibition was highest with pectins
with a low DE, but the inhibition was found with all DE
values depending of the concentration of the respective
pectin. The ihibiting effect of pectins with higher DE
values (45, 60 and 75) was clearly concentration dependent,
suggesting that at higher concentrations the absolute number
of intra- or intermolecular regions with a local DE <63%
(due to the possible irregular or heterogeneous distribution
of esterified GalA residues throughout the pectin molecules
and/or sample) becomes higher and therefore the inhibition
of TLR2-through those regions with DE lower than 65-1n-
creases.

The wviability of the HEK-Blue™ TLR2 CD14 was not
allected by the additions of pectin (tested using WST-1

reagent).

Example 2 Pectin Binds to TLR2

Construction of the TLR2ectodomain-HA Expression
Plasmid

RNA was extracted from HEK-Blue™ hTLR2-CD14
cells using the RNeasy® Plus Min1 kit (Qiagen, Venlo,
Netherlands). cDNA was synthesized using OligodT primers
(Life technologies, Carlsbad, Calif., USA), dNTP mix (Life
technologies, Carlsbad, Calif., USA) and Superscript™ 111
Reverse Transcriptase (Life technologies, Carlsbad, Calif.,
USA) according to the suppliers’ manuals. TLR2 from

codonl to codon586 was synthesized using cDNA from
HEK-Blue™ hTLR2-CD14 using the forward primer

S'-GCGCACCGGTATGCCACATACTTTGTGGATGG-3,

the reverse primer 5'-GCGCGGATCCGTGACATTCCGA.-
CACCGAGAG-3' and Pifu DNA polymerase (Thermo sci-
entific, Waltham, Mass. USA). Primers were flanked by a
GC doublet at the 5' end for restriction enzyme recognition.
Agel and BamHI restriction sites were included in the
forward and reverse primer, respectively. The PCR product
was digested with Agel and BamHI restriction enzymes
(Thermo scientific, Waltham, Mass. USA) and the plasmid
pSELECT-CHA-blasti (InvivoGen, Toulouse, France) to
create sticky ends. The PCR-amplified TLR2 ectodomain
fragment and linear plasmid were ligated using T4 DNA
Ligase (Thermo scientific, Waltham, Mass. USA). The
ligated plasmid was used to transiform One Shot TOP10
Chemically Competent . coli (Life technologies, Carlsbad,
Calif., USA). Transformed . coli cells were selected using
Blasticidin agar media (InvivoGen, Toulouse, France).
Obtained colonies were screened for correct orientation of
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the gene in the plasmid. Selected correct colonies were
grown 1n blasticidin liquid media (InvivoGen, Toulouse,
France) and the plasmid was 1solated using the Qiagen Maidi
prep kit. Plasmid was then sequenced for selection of
non-mutated clones (Baseclear, Leiden, Netherlands).

Transtection of HEK293T with the TLR2ectodomain-HA
Expression Fragment

HEK293T cells were seeded at 500,000 cells/ml 1n 12

well culture plates and incubated overnight. The
following day, transfection was performed by using Lipo-

fectamine LTX® (Life technologies, Carlsbad, Calif., USA).

The sequence verified plasmid was linearized with the
restriction enzyme Notl (Fast digest, Thermo Scientific,
Waltham, Mass. USA). Purified, 1 ug linear plasmid was
diluted 1n low serum media Opti-MEM® (Life technologies,
Carlsbad, Calif., USA) and mixed with 3.5 ul of Lipo-

fectamine LTX® (Life technologies, Carlsbad, Calif., USA).
This transfection mix was incubated for 30 min at room
temperature and then added to the previously seeded cells in
the culture media. Cells were incubated with transfection
medium mix for 24 hrs and transfected cells were selected
using blasticidin in DMEM culture media (Lonza, Basel,
Switzerland) with 10% decomplemented fetal calf serum, 50
U/ml Penicillin (Sigma, St. Louis, Mo., USA), 50 ug/ml
Streptomycin (Sigma, St. Louis, Mo., USA) and 100 nug/ml
Normocin (InvivoGen, Toulouse, France). Single cell clones
were 1solated to form the HEK293T TLR2ectodomain-HA
cell line.

Cell Cultivation

Cell lines were cultured in DMEM culture media (Lonza,
Basel, Switzerland) with 10% decomplemented Fetal Calf
serum, 50 U/ml Penicillin (Sigma, St. Louis, Mo., USA), 50
ug/ml Streptomycin (Sigma, St. Louis, Mo., USA), 100
ug/ml Normocin (InvivoGen, Toulouse, France) and 50
ug/ml blasticidin (InvivoGen, Toulouse, France).

Protein Immunoprecipitation

Overnight grown HEK?293T TLRZ2ectodomain-HA cells
were lysed using 1xRIPA lysis bufler (Merck Millipore,
Billerica, Mass., USA) in the presence of a protease inhibitor
cocktail consisting of AEBSF (4-(2-Aminoethyl)benzene-
sulfonyl fluoride hydrochloride), Aprotinin, Bestatin, E-64,
EDTA and Leupeptin (Sigma, St. Louis, Mo., USA) at 4° C
for 10 min followed by two times sonification for 5 seconds
at 0% power. Supernatant was 1solated after centrifugation at
14000 g for 10 min. TLR2ectodomain-HA tagged protein
was immunoprecipitated using Pierce® Anti-HA Agarose
(T"lermo scientific, Waltham, Mass. USA) 1n a micro cen-
trifuge tube. Protein was competitively eluted using HA
synthetic peptide (Thermo scientific, Waltham, Mass. USA)
by incubating two times for 15 min with a single bed volume
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of HA synthetic peptide at 30 C. Isolated protein was
desalted and HA peptide was removed using Zeba Spin
Desalting Columns and Devices, 40K MWCO (Thermo
scientific, Waltham, Mass. USA). Isolated and desalted
protein was quantified using Thermo scientific BCA protein
assay kit.

ELISA for Binding of TLR2 and Pectin

The ELISA bufler was composed of 1 mM CaCl,) and
150 mM NaCl 1n 0.05M Tris bufler at pH 8.2. The buller was

used for washing as well as diluent for antibodies and pectin.
The blocking buffer was made by dissolving 3% milk
powder (FrieslandCampina, Amersioort, The Netherlands)
in ELISA bufler. For antibody solutions, a 1:2 dilution of

blocking bufler with ELISA bufler was used for dissolving,
antibodies.

ELISA plates (Corning, Tewksbury, Mass.,

USA) were treated with 50 ul of 50 ug/ml of Poly-L lysine
for 1 hour at 37 C. Wells were washed once with 400 ul
ELISA bufler. Pectins (0, 7, 22, 45 60 and 75DE) were
dissolved 1n ELISA bufler at 1 mg/ml concentration and 50
ul was added to each well. The plates were mcubated for 4

hours at 37 C to allow for binding of the pectin. Each well

was then washed with 400 ul ELISA bufier and blocked
overnight with 100 ul of blocking bufler at 4 C. After the
blocking step, the ELISA plate was washed once with
ELISA bufler. TLR2 ectodomain-HA fusion protein was
applied to the pectin coated wells at 0.33 ug, 1 ug, 3 ug and
9 ug concentration per well. The ELISA plates were then
incubated at 37 C for 3 hrs. The HA synthetic peptide was
used as a negative control at 0.33 ug, 1 ug, 3 ug and 9 ug
concentration per well, same as with the TLR2 ectodomaian-
HA fusion protein. Pectin binding antibodies LM19 (specific
tor DE 0 and 7) and LM20 (specific for DE 22, 45, 60 and
75) from Plantprobes (Leeds, UK) were used as positive
control for pectin binding at 1:100 dilutions. Afterwards, the
wells were washed with 400 ul of ELISA butler for 5 times
and incubated with 50 ul primary detection antibody for the
HA tag (Cell Slgnahng, Danvers, Mass., USA) 1n a 1:200
dilution. The primary antibody was 111cubated for 2 hours at
37 C. After primary antibody incubation, the plates were
washed again 5 times with ELISA bufler. After washing, 50
ul of Biotin tagged secondary antibody (Southern Biotech,
Birmingham, Ala., USA) was applied to each well ata 1:500
dilution. The Biotin tagged antibody was incubated for 1 hr
at 37 C. This step was followed by 5 washings with 400 ul
of ELISA bufler. Streptavidin-HRP (Dako, Heverlee, Bel-
grum) (100 ul) was added to each well at a 1:1000 dilution.
After incubation at 37 C for 1 hr, plates were washed 7 times
with 400 ul of ELISA bufler. Finally, for detection, 100 ul of
TMB substrate (Cell Signaling, Danvers, Mass. USA) was
applied to each well and incubated at 37 C for 30 min. The
reactions were stopped by adding 100 ul of stop solution
(Cell Signaling, Danvers, Mass., USA). The ELISA plate
was read at 420 nm 1n Plate reader Versa Max (Molecular
devices, Sunnyvale, Calif., USA). For clarity sake the values
of the negative control are subtracted from the values

obtained with TLR2 ectodomain-HA.

TLR2 ectodomain binding to pectin (a.u.)

0.33 ug
Pectin type protein 1 ug protein 3 ug protein 9 ug protein
ODE 0.03 0.15 0.45 1.43
7DE 0.45 0.98 2.41 2.34
22DE 0.03 0.16 0.49 0.81
45DE 0.13 0.25 0.5% 0.26
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-continued

TLR2 ectodomain binding to pectin (a.u.)

0.33 pg
Pectin type protein 1 ug protein 3 ug protein 9 ug protein
60DE 0.07 0.09 0.16 0.07
75DE 0.00 0.03 0.06 0.03
Surprisingly, pectins with low DE are directly binding to

the TLR2 ectodomain, as indicated by the dose-dependent
values obtained in the ELISA test.

Example 3 Pectin Inhibits Only the
Pro-Inflammatory Pathway of TLR2 and not its
Regulatory Pathway

Cell Line
HEK-Blue™ Nulll (InvwoGen Toulouse, France) was
seeded at 500,000 cells/ml mm 12 well culture plates and
incubated overnight. The following day, transfection was
performed by using Lipofectamine LTX® (Life technolo-
gies, Carlsbad, Calif., USA). Plasmid pUNO3-hTLR2 (Invi-
vo(Gen, Toulouse, France) was linearized with Notl (Thermo
scientific, Waltham, Mass. USA). One ug of purified DNA
was diluted 1n low serum media Opti-MEM® (Life tech-
nologies, Carlsbad, Calif., USA) and mixed with 3.5 ul of
Lipofectamine LITX® (Life technologies, Carlsbad, Calif.,
USA). This transfection mix was incubated for 30 min at
room temperature and then added to the previously seeded
cells 1n the culture media. Cells were incubated with trans-
fection medium mix for 24 hrs and transfected cells were
selected using Zeocin (100 ug/ml) and Hygromycin B (1350
ug/ml) 1n DMEM culture media (Lonza, Basel, Switzerland)
with 10% decomplemented fetal calf serum, 50 U/ml Peni-
cillin (Sigma, St. Louis, Mo., USA), 50 ug/ml Streptomycin
(Sigma, St. Louis, Mo., USA) and 100 pg/ml Normocin
(InvivoGen, Toulouse, France). Single cell clones were
isolated. The thus obtained HEK-Blue™ Nulll TLR2 cell
line expresses only TLR2 and not CD14.

TLR2 Activation and Inhibition Assay

HEK-Blue™ Nulll TLR2 cells were seeded at 500,000
cell/ml 1n a 96 well plate with 100 ul volume per well. Cells
were allowed to grow overnight. The following day, cells
were treated with different pectins to study the effect on
TLR2. After one hour of incubation with pectin, the TLR2-6
specific agonist FSL-1 was added at a concentration of 100
ng/ml. After 24 hrs of incubation at 37 C with pectin and
FSL-1, the expression of the SEAP gene was determined.
Supernatant of incubated cells was mixed with QUANTI-
Blue solution 1n a ratio of 1:10. Presence of SEAP makes
QUANTI-Blue turn blue. The NFkB activation was quan-
tified by measuring colorimetric readings at 650 nm using
ELISA plate reader Versa Max (Molecular devices, Sunny-
vale, Calif., USA). The assay was performed 1 96 well
plates with 10 technical repeats. Each experiment was

repeated three times.

NFkB activation through TLLR2-6 by FSL-1 with and without pectin

0.5 mg/ml 1 mg/ml 2 mg/ml Control (no
Pectin NFkB NFkB NFkB FSL-1)
type activation activation activation  NFkB activation
- 1.14 1.14 1.14 1.4.
ODE 1.17 1.18 1.15 0
7DE 1.05 1.05 1.08 0




US 10,639,323 B2

15

-continued

NFkB activation through TILR2-6 by FSI.-1 with and without pectin

0.5 mg/ml 1 mg/ml 2 mg/ml Control (no
Pectin NFkB NFkB NFkB FSL-1)
type activation activation activation  NFkB activation
22DE .10 |2 1.02 0
45DE .13 1.11 1.03 0
60DE .13 1.17 1.17 0
75DE .13 1.13 1.20 0

The data shows that pectin does not 1nhibit the TLR2-6

signaling pathway as the stimulus in HEK-Blue™ Nulll
TLR2 cells through FSL-1 1s not changed by the presence of
pectins, whereas the stimulation by Pam3CSK4 was clearly
showing that pectin inhibits the TLR2-1 signaling response
(example 1).

Example 4 Pectin in the Diet of Piglets Leads to a
Reduced Intestinal Permeability of the Tight
Junctions

Piglet Feeding Trial Set-Up

The experimental farm for young piglets 1s located in
Flanders (Belgium) and consists of 8 batteries, each con-
taining 4 pens. The piglets under study are hybrids of Topigs
Pietrains and are weaned at 21 days. The piglets are weighed
individually at weaning and 2 and 4 weeks after weaning.
Feed intake 1s registered per pen of 4 piglets at the moments
of weighing. At arrival the piglets are earmarked with a new
Sanitel-number. During the trial, a veterinarian and a Felasa
D certified person supervise the performed piglet experiment
according to the international guidelines described 1n law
EC/86/609.

Each pen (1.5 mx1.5 m) contains 4 piglets at the start of
the trial. For each pen, one feeder (ad libitum) 1s installed for
meal or pellets. One drinking nipple 1s installed per pen. The
temperature at start 1s at 28+x2° C. until 10 days after
weaning. Afterwards, temperature 1s decreased to 25£2° C.

Commercial non-medicated diets are given. Non-medi-
cated means that the piglet doesn’t receive any therapeutic
antibiotics before and during the trial. The diets are given 1n
the form of meal. All feed were analysed for their nutritional
content. Four treatments were applied (diets A, B, C, D) on
7 replicates with 4 piglets per group. At the start of the trial,
the piglets (around 7 kg body weight) are allocated to the
different pens by weight. This allocation 1s made 1n order to
have an equal average weight and an equal standard devia-
tion around the average weight for each treatment and pen.
For microbiological counting’s and for taking biopsis, pig-
lets rece1ve an overdose of barbiturates (Nembutal) followed
by sacrification. Afterwards, a section 1s performed on the
piglets. Samples for microbial counts are immediately pro-
cessed, while samples taken for histochemical experiments
were fixed for later analysis.

During the whole trial period the piglets are fed ad
libitum, except for the period of microbiological countings.
At that moment, three days before the microbiological
countings are performed, the piglets are fed restricted.
Piglets receive three times a day an amount of feed, which
1s carelully weighed and noted. The feed 1s given at 8.00,
13.00 and 18.00. When necessary, the sick piglets were
treated individually (by injection). The following parameters
were taken into account. (1) individual growth data, (11) feed
intake data per pen (corrected for eventual losses), (111) feed
conversion ratio during weaning, starter and whole trial
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period, (1v) fecal score and clinical score, (v) tight Junctions,
(v1) microbial analysis, (vi1) histochemical analysis.

Diets

Feed compositions (in g/kg):
Ingredient Feed A Feed B FeedC FeedD
Corn 171.13 169.13 169.13 169.13
Grains (wheat and barley) 491.83 491.83 491.83 491.83
Protein sources (soy, potato) 227.72 227.72 227.72 227.72
Milk derivatives (whey) 52.65 52.65 52.65 52.65
Soy bean oil 14.19 14.19 14.19 14.19
Amino acids 10.80 10.80 10.80 10.80
Minerals & trace minerals 10.24 10.24 10.24 10.24
Limestone 10.63 0.63 10.63 10.63
Enzyme* 0.64 0.64 0.64 0.64
Premix™* 10.17 10.17 10.17 10.17
Pectin DE33 — 2.00 — —
Pectin DE55 — — 2.00 —
Pectin soybean meal — — — 2.00

*Xylanase/beta-glucanase and phytase cocktail (BASE)
**Premix includes aroma’s, extra trace munerals, vitamins (Vitamex N.V))

Pectin Sources
Pectins with a DE 33 and 55 were 1solated trom citrus and

obtained from Herbstreith & Fox (Neuenbiirg/ Wirttingen,
Germany). The Soy Bean Meal (SBM) was from South-

American ornigin (mixture from Argentina, Brasil and/or
Paraguay) and processed to extract the residing pectins by
mixing the SBM at 33% dry matter with tapwater and
autoclaving for 30 mins at 120 C. After cooling the obtained
material was freeze dried and milled, and used as such 1n the
diet.

Mannitol-Lactulose Test

The permeability of the 1leum was quantified by perform-
ing a mannitol-lactulose test in the animals. Lactulose can-
not pass an mteger small bowel which 1s considered to be
positive as there 1s a lower chance on systemic infections
and 1immune 1ssues.

Mannitol 1s a metabolically inert monosaccharide, which
1s passively absorbed through the intestinal mucosa. Any
absorbed mannitol 1s fully excreted in the urine within a
couple of hours. Mannitol was administered to the piglets
through a stomach-pump at 0.3 g mannitol/’kg body weight
(4 hours before dissection). Lactulose 1s a metabolically
inert disaccharide, which normally 1s not absorbed unless
the mucosal barrier 1s compromised. Any absorbed lactulose
1s Tully excreted 1in the urine within 6 hours. Lactulose was
administered to the piglets through a stomach-pump at 0.75
g lactulose’kg body weight (4 hours before dissection)
During dissection piglet urine was then collected. In piglets
with a healthy intestine, the mean absorption of lactulose 1s
less than 1% of the administered dose. A recovery of >1%
lactulose 1n the urine indicates a disaccharide hyperperme-
ability.

In piglets with a healthy intestine, the mean absorption of
mannitol 1s >14% of the administered dose.

A recovery of <14% mannitol 1n the urine indicates a
carbohydrate malabsorption. A lower lactulose/manmitol
ratio (/M ratio) indicates a positive eflect of a diet.

Permeability test of the gastrointestinal tract (average
of three individual pigs per diet)

Diet L/M ratio SD
A 0.55 0.90
B 0.019 0.032
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-continued

Permeability test of the gastrointestinal tract (average
of three individual pigs per diet)

Diet L/M ratio SD
C 0.024 0.042
D 0.15 0.27

[ 1

As shown all pectins, and especially the pectins with DE
33 and 55 pectin, lead to a reduced L/M ratio and thus have
a positive eflect 1n the small intestine of the young pigs

Example 5 Pectin 1n Diets Lead to an Increase of
the Villus to Crypt Ratio

The piglet feeding trial set-up was as described in
example 4.
Sample Preparation for Histology
Sampling: Take a sample of the duodenum and/or 1leum
and rinse with physiological water (0.9% NaC(l). Store 1n 20
ml formalin bufler (1 ml formaldehyde (37%)/liter). 4.5 g
NaH2PO4+10.4 g NA2HPO4)
Bedding: Poor the parailin solution in the recipient (not
tully full) and place the intestinal sample vertical 1n the
recipient. Let solidify at 4° C. and fill the recipient com-
pletely. Let solidify at -3° C.
Biopt: Clean scalpel with 10% xvylene and let dry. Transier
coupe with brush and needle to 50% alcohol. Cut 1n pieces
and transier to distilled water (65° C.) with brush and
microscope slide. Place sample on the microscope slide and
incubate one night at 60° C.
Haematoxiline-cosine (H&E) staining steps at ambient
temperature:
1). Deparatlinize
Wash 3 times with 10% xylene (for 5 minutes)
Wash 2 times with 100% ethanol (for 3 minutes)
Wash once with ethanol 90% (for 3 minutes)
Wash once with ethanol 70% (for 3 minutes)
Wash once with water (for 3 minutes)
Wash once with water (for 3 minutes)

2). staining
Incubate in Mayers haematoxiline (for 6 minutes)
Wash once with water (for 5 minutes)

3). counter-staining
Incubate 1n 10% eosine (for 5 minutes)
Wash 10 times with water (each for 30 seconds)

4). Dehydrate
Wash 10 times with ethanol 90% (each for 30 seconds)
Was 10 times with ethanol 70% (each for 30 seconds)
Wash 2 times with ethanol 100% (for 5 minutes)
Wash 3 times with 10% xylene ({or 5 minutes)

Quantification of the Villi Length and Crypt Depth

Above embedded histological samples are analysed by
means of an Olympus microscope, and villi length (mm) and
crypt (depth) are measured.

Histological morphology of the
gastrointestinal tract (average of 3 pigs per diet)

Diet S1 Crypt (mm) Villus (mm) V/C ratio
A Duodenum 235+ 33 36.6 £ 7.3 1.6 = 0.3
[leum 15.0 £ 0.8 22.0 £ 3.0 1.5+0.2
B Duodenum 23.7 £ 47 405 £ 3.5 1.8 0.3
[leum 15.2 £ 0.5 25.1 £ 0.7 1.7 £ 0.1
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-continued

Histological morphology of the
ogastrointestinal tract (average of 3 pigs per diet)

Diet SI Crypt (mm) Villus (mm) V/C ratio
C Duodenum 234 £ 19 42.5 + 8.1 1.8 = 0.4
[leum 153 1.2 26.7 £ 4.1 1.8 = 0.1
D Duodenum 23.8 £ 2.7 37.0 £ 3.9 1.6 = 0.1
[leum 15.2 £ 2.6 215 = 1.7 1.5+04

Longer villi imply a higher absorption capacity while
longer crypts imply the opposite. Thus a higher villus to
crypt ratio 1s considered to be a positive effect of a diet,
while a lower villus to crypt ratio 1s considered to be a
negative drawback for using the respective diet. As shown,
especially the diets with pectin DE 33 and 55 have an
enhanced villi-to-crypt ratio mn both the duodenum and
ileum, which demonstrate the potential of both pectins to
improve gastrointestinal health.

Example 6 Pectin Acts as Anti-Inflammatory Agent
in Doxorubicin Induced Mucositis

Mucositis, also referred to as mucosal barrier injury, 1s
one of the most severe side eflects of radiotherapy and
chemotherapy treatment. Both inflammation and apoptosis
of the mucosal barrier result 1n 1ts discontinuity, thereby
promoting bacterial translocation. Five phases are important
in the pathophysiology of mucositis: (1) the formation of
reactive oxygen species leading to the activation of nuclear
factor kappa B (NFkB) during the initiation phase, (2) the
induction of messenger molecules such as tumor necrosis
factor alpha (INFa), resulting in treatment-related tissue
inflammation and apoptosis during the upregulation/mes-
sage generation phase, (3) the amplification of messenger
molecules in the amplification/signaling phase, leading to
more mtlammation and apoptosis, (4) discontinuity of the
epithelial barrier resulting from apoptosis during the ulcer-
ative phase, thereby promoting bacterial translocation, and
(5) a spontancous healing phase, characterized by cell pro-
liferation (Sonis, 2004, Semin Oncol Nurs. 20(1):11-5); Van
Vet et al, 2010, PLoS Pathog. 6(5):¢1000879).

Mice

C57BIL/6 female mice (7-10 weeks old) were purchased
from Janvier laboratories, France. The experimental use of
amimals was approved by the Animal Ethical Commaittee of
the University of Groningen. All the mice were acclimatized
for 2.5 weeks prior to start of the experiment. Mucositis was
induced by administration of doxorubicin (Sigma, St. Louis,
Mo., USA).

Diets Mice were supplied with ad-libitum RMH-B diet
(AB diets, Woerden, The Netherlands). The ingredients of
diet specified by supplier are wheat, meat meal (80% ster-
ilized), vyellow dent corn, whole oats, wheat middlings,
alfalfa, soya oi1l, dried yeast, dicalcium phosphate, calcium
carbonate, NaCl, dl-methionine, vitamins and trace ele-
ments. Mice were supplied with drinking water from tap and
the water bottles were changed once a week.

Pectin Sources

The pectin with a DE of 7 was obtained from CP Kelko.

Induction of Mucositis and Readouts

Doxorubicin was dissolved in sterile 0.9% sodium chlo-
ride and stored in aliquots at 4 C. Pectin (7DM) was
dissolved 1n sterile water and administered by gavage to
mice for 10 or 11 days, twice a day at 3 mg/day. On day 8,
doxorubicin was 1njected intra-peritoneal at 10 mg/kg con-
centration. Mice were sacrificed on day (48 hour doxorubi-
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cin) or day 11 (72 hour doxorubicin). Amimals receiving
water by gavage served as controls. After the collection of
tissue samples, mice were sacrificed by cervical dislocation.

TLR2 Blocking in Mice

TLR2 blocking antibody, clone T2.5 (InvivoGen, Tou-
louse, France) was administered IP at 10 mg/kg one hour
prior to doxorubicin treatment.

Neutrophil Count

Peritoneal lavage was collected with 2 ml PBS to collect
peritoneal neutrophil intlux. The total number of living cells

in the peritoneal lavage was counted using a Z™ Series
coulter Counter® (Beckman Coulter, Brea, Calif.,, USA).

The lavage was diluted at 500,000 cells/ml and 100 ul of cell
solution was applied for cytospin preparation. The cytospin
slides were stained with Giemsa stain (Merck Millipore,
Billerica, Mass., USA) for 1 hour at room temperature. The
stained slides were scanned 1n a Hamamatsu slhide scanner
(Hamamatsu photonics, Japan) and neutrophils were
counted using morphological features 1n 250 cells. The total
number of neutrophils were calculated using the total cell
count in peritoneum and the neutrophoil counts from cytos-
pin preparations.

Effect of 48 hour doxorubicin treatment on neutrophil count

Total number of Relative increase in

Mice groups neutrophils neutrophils
Control (n = 6) 3.97E+06 £ 2.39E+06 1.0
Pectin DE7 (n = 6) 2.97E+06 £ 1.29E+06 0.7
Doxorubicin (n = 6) 2.23E+08 = 6.74E+07 56.2
Pectin DE7 + Doxorubicin 5.44E+07 = 2.30E+07 13.7

(n = 5)

TLR2 blocking + Doxorubicin  7.04E+07 = 7.30E+07 17.7

(n = 6)

TLR2 blocking (n = 5) 8.96E+06 = 7.90E+06 2.3

As can be seen from the data, doxorubicin induced
mucositis mncreases the neutrophil count by 56 times. Block-
ing TLR2 either by the TLR2 blocking antibody clone T2.5
or pectin DE7 significantly reduced the neutrophil count,
demonstrating that pectin acts as an anti-inflammatory
agent.

Example 7 Pectin has a Positive Effect on Health
Beneficial Microbes Digesta Collection

The pig fecal samples were collected on day 14 and 28
during the experimental diet feeding (example 4). After the
fecal collection period, animals were anesthetized and
cuthanized. Digesta samples were collected from terminal
ileum, proximal colon, mid colon and distal colon. Part of
cach digesta was stored i 1.5 mL Eppendort tubes for
analysis of microbiota composition and SCFA. These tubes
were immediately frozen in liquid mitrogen and stored at

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2

<210>
<211>

<212>
<213>

SEQ ID NO 1
LENGTH: 32

TYPE: DNA
ORGANISM: Human
<400> SEQUENCE: 1

gcgcacceggt atgccacata ctttgtggat gg
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—-80° C. The remaiming amount of digesta was immediately
stored at —20° C. until further analysis.

DNA Extraction and Microbiota Analysis

Microbial DNA was extracted from 250 mg of digesta by
using a fecal DNA extraction protocol (Salonen A, Nikkila
I, Jalanka-Tuovinen J, Immonen O, Rajilic-Stojanovic M,
Kekkonen R A, Palva A & de Vos W M. 2010. Comparative
analysis of fecal DNA extraction methods with phylogenetic
microarray: Effective recovery of bacterial and archaeal
DNA using mechanical cell lysis. Journal of Microbiological
Methods, 81: 127-134). The DNA 1s 1solated by sequential
precipitations and finally purified by using the QIAamp
DNA Stool Mimi Kit columns (Qiagen, Hilden, Germany)
according to the manufacturer’s recommendations. 165

rRNA gene was amplified and sequenced in paired-end
mode by using the MiSeq platform (Illumina).
Sequence Analysis

Raw Illumina fastq files were demultiplexed, quality-
filtered and analyzed using QIIME 1.9.0.

Relative abundance of Prevorella species in the microbiota
compostion of experimental fed pigs

Relative Relative
Diet Pectin Fecal sample abundance® increase™*
A control Terminal 1leum 0 —
A control Proximal colon 0.05 ‘
A control Mid colon 0.11
A control Distal colon 0.09
B DE 33 Terminal 1leum 0 —
B DE 33 Proximal colon 0.51 9.99
B DE 33 Mid colon 0.58 5.49
B DE 33 Distal colon 0.55 6.16
C DE 55 Terminal 1leum 0 —
C DE 55 Proximal colon 0.49 9.55
C DE 55 Mid colon 0.41 3.90
C DE 55 Distal colon 0.45 5.07
D Soy Bean Terminal ileum 0 —
D Soy Bean Proximal colon 0.21 4.04
D Soy Bean Mid colon 0.22 2.09
D Soy Bean Distal colon 0.30 3.36

*The relative abundance 1s the % of 165 rRNA data of Prevotelfa 1n the total data set

obtained through Illumina sequencing

**The relative increase 1s the fold increase 1n % of Prevotellia 165 rRNA 1n the total data
set, 1.¢. the relative abundance determuned for a specific pectin fed sample divided by the
control sample.

Surprisingly, addition of pectin to the diet leads to an
increased prevalence ol Prevotella species 1n the gut (which

1s an indicator of health, see Wu G D, Chen J, Hofimann C,
Bittinger K, Chen Y Y, Keilbaugh S A, Bewtra M, Knights
D, Walters W A, Knight R, Sinha R, Gilroy E, Gupta K,
Baldassano R, Nessel L., .1 H, Bushman F D & Lewis J D.
2011. Linking long-term dietary patterns with gut microbial
enterotypes. Science 334:105-108).

All these examples clearly and surprisingly show that the
specific pectins show improvements, which are significant.

32



US 10,639,323 B2

21

22

-continued

<210>
<211>
<212 >
<213>

SEQ ID NO 2
LENGTH: 231
TYPE: DNA
ORGANISM: Human

<400> SEQUENCE: 2

gcgcggatcece gtgacattcce gacaccgaga ¢

What 1s claimed 1s:

1. A method for reducing symptoms of and/or ameliorat-
ing immune-mediated diseases or inflammatory diseases 1n
a patient 1 need thereof, comprising daily administering a
composition to the patient, wherein the composition com-
prises an effective dose of between 0.01 and 5 g per kg body
weight of an esterified pectin or a mixture of esterified

pectins, and wherein the esterified pectin has or the esterified 20

pectins 1n the mixture have a degree of esterification (DE) of
higher than 0% and less than or equal to 33%.

2. The method according to claim 1, wherein the pectin 1s
not amidated.

15

3. The method according to claim 1, wherein the DE of the 55

pectin 1s at least 1%.
4. The method according to claim 1, wherein the immune-
mediated disease or inflammatory disease i1s caused by

31

activation of TLR2 by an excessive or undesirable perme-
ability of a tissue containing tight junctions.

5. The method according to claim 1, wherein the patient
1s a human, avian, bovine, camine, equine, galline, feline,
hircine, lapine, murine, musteline, ovine, piscine, porcine or
vulpine animal.

6. The method according to claim 1, wherein the DE of the
pectin 1s at least 2%.

7. The method according to claim 1, wherein the DE of the
pectin 1s at least 3%.

8. The method according to claim 5, wherein the patient
1s a human, bovine, canine, feline, galline, ovine, porcine or
avian animal.
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